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Biopan Me)KAyHapoflHaa KOHtJiepeimHfi 
0praHH3au.Hn OfaeAHHeHHbix Hap 
no nptiMOHeHHKj 3 tomhoh 3Heprmi 
3 MHpHbiX UeJIHX 


A/CONP/1b/P/2«7 

UoGR 

ORIGINAL: HlJ.-'.o IAN 


Ho no/yiewMr or/iameHmo o<})nuMa;ibm)ro coortu^ouMn Ha Koiic|>c|)CH4Mh 


HCCJimiOBAHIlH no XHMfrffl AMEPHUHH 

I’.H.HKOBJieB, B.H.Kochkob 


Odir*pHafl nporpaMMa peaKiopocxpoeHKfl cabana c co3u,aHHeM peaK- 
TOPOB jr.Ari npOM 3 BOJ[CTBa 3 AeKip 03 HeprMM H HCCAeAOBaxeABCKWX peaKTO- 
4 „ c MouiHbiMw noioKaMH HeflTpoHOB, a xaKxe c npuMeHeHweM nAyxonwfl b 
KaMGciBG neAAmeroctf MaTepHaAa. ripw siom, dAaronapfl rAydoKOM.y buto- 
paHin') nnepHoro rop»Mero, dy.neT noAyRaifcca nAyxoHKfi c bucokhm co- 
nepicaHHeM Tflsejiux u 30 TonoB„ B Bwne criAaBa c ypanow ham cnAaBOB c 
^ KHepTHHMH pa 3 daBHTC AAMH a.AHMMHWeM W UHpKOHMeU OJiy TOHHH MOXei dNTB 
bhobb HcnoAt 30 BaH KaK ^eAsiHuftcfl MaxepHaA. B peByjiBxaxe 3ioro 3Ha- 
T iMT6ABH0 paCUMpAlOTC fl B 03 MOXHOC TH riOJiyNeHM ipaHC IUiyiOHUeBblX 3 Ae- 
weHxoB. Hommmo aMepwmifl -241 a K»pHfi-242 ciauyx ^ociynHH b 3 HaMw- 
I 6 ABHUX BeCOBUX KOJIMVeCTBaX aMepHPHil- 243 , TBKeAbie H30T0nU KDpHfl M, 
b juafl&HeMuieM, EaAw$opHHfl. HsoTonu 3 thx 3AeMeHT0B dyuyT nodo^HHMM 
npoAyKxaMM nepepadoiKM AAepHoro ropxwero mam dyusyi noAyqaxbCH m3 
cnepMaABHo odJiyqeHHBix MaTepnanoB „ 

rip:* BKCipaKUHOHHo# nepepadoiKe odAyqeHHoro nuepHoro ropxwero 
xpaHcnAyxoHMeBue 3iieMeHTtJ KOHpeHipwpyioxcfl BMecTe c npcwyKiaiu* ne- 
jie hmh. B naABHefimew noAywaexcfl $paKUMH, coAepaamafl ipaHciuiyioHne- 
Bue oasmghth , BMecTe c peAK03eMeABHiJMM nponyKTEMH neAGHMA . Fpynno- 
Boe pasiieAeHMe TpaHcnAyioHUGBLix a penK03eMeABHHx BAeiiemoB, a xax- 
ae xpaHcnjiy TnHHeBux OABMemoB ,npyr ox jjpyra abah© tca BectMa caox- 
Hofi 3 a,A,aqefi naxe npH padoie c uaAbiMH xoJimecTBaMw. B namioM CAyqae 
npouecc ocAoxHflexcfl orpowHoM y^eABHoM aKTMBHocx bd hcxouhhx MaiepH- 


ajioB « 


HccAenoBaHMA b 3Toft odAacTM MM61DT doAtmoe HayMHoe h npaKiwqe- 
CKOc 3HaM6HH6, E03XOMy H3y”eKPlS. XKMPiH XpaHCHAyiOHMSBUX BASMSHTCB, 
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h b nepByc oRepe.HB, aMepimiitf h KJopna, Kait Handojiee ^ocTynnHx w 3 
hhx, npwodpeTaex ocody» ueHHocTt. 

1. MeicwJ Bu^ejieHHH aMepwuHfl, cociaB a paciBopn- 
MOCTL HeKOTOpUX COeAHHeHHft BMepKUHfl 

Mexo^aM pajmoxHMimecKoro BH^eJieHM aMepnun .3 nocBBmeHa odmupnafl 
raxepaiypa (1-5), Budop MeicutOB onpe^e^aeTCB cociaBOM ucxoahoto 
M aiepnajia u najinMneM hjih bo3mokhoctb 2> H3roxoBJieHHfl cooTBexciByromefl 
annapaxypu. 

PaccMaTpHBajoxcH tph oacca MexoaoB BH,ne/ieHwfl h omhctkh aMepn- 
Uhh: noHHHi} odueH, BKcrpaKpHB pacTEopnxejiflMH h ocajueHire . 

a ) Mexo^n uoHHoro odMeHa . IIojihob pa3,ne;ieHne TpexBajieHiHux aic- 
TMHH^OB II pe^K03eMeJIBHHX npO^KIOB Ae^eHMH MOaeT dHTB AOCTHrHyTO 
MeTo^aMH HoHHoro odMeHa. Padoxa c BHcoicoaKiuBHUMH MaxepHa^aMH oc- 
jioscHaeica pa^HO^HiMMecKHMn 344)eKiaim. Pa3JioKeHHe boah no^ aeficrBH- 
ew n3^yyeHuj! c odpaaoBamreM ra3oodpa3Hnx npo^yKTOB b crojide cmojih 
3HaMHxejiBRo 3axpyflHfleT BhinoJmeHne 3ajnaHn. Ho^dopoii pa3MepoB anna- 
paxypH, peryrapoBaHHeM CKopocxu BJUoapoBaHM u TeMnepaxypu moscho 
H 3desaxi> pa3puB0B cTo/tda cmojih m flodmtcn ycneninoro paa^eiieHHfl. 

Bo Bcex cjiyyaax cjieayex CTpemibca k xoMy, vtoCu ra 3 H,odpa 3 yjomnecfl 
B aKTMBHOll 30H8 CTOJlda CMOJIU, ycneBaJIH BHMHBaTBCfl 3JIIOeHTOM. 

JIjih rpynnoBoro oTflejieHwfl aMepwmifl h kjophb ox pe,uK 03 eMejiBHtix 
npo^yKioB ^eneHHfl limpoKo npHMeHflexcB 20#-hh8 cnwpT, HacumeHHHii ra- 
300dpa3HHM XJIopHCTHM BO^OpOflOM. $aKTOp pa3fle/[eHHfl ajisi crmpxoBoro 
paciBopa b flBa pasa Btniie, MeM rim 13 m bo^hoto pacTBopa BOB. 
O^HaKO, npu ncnoJiB30BaHwn 3ioro BAioeHra b ycjioBujix bucokoA y,ne;iBHo£ 
aKiHBHocm ipedyexca doJiBmafl ocxopoacHociB Bcne^CTBHe Bectua ch;ibhhx 
pa^HOJIHIHReCKHX 3$$eKT0B. THOIBiaHaT aMMOHHfl B DTOM OTHOffleHHW 3Ha- 
RKie/iBHo do/iee ycxoitonB. 

Pa3j;e^eHiie aMepimufl h Kiopufl ABJineicfi o^Hofi H 3 Haudonee ipy^Hiix 
xpoMaxorpacpuRecKErx onepamiii. npu BjnonpoBaHHii iiHTpaioM aMMOHHfl dHjin 
AocxurHyiu xoporane pe3yjiBxaxti, oAHaico ycneinHoe npiiMeHeHHe btoto 
3^»eHia ^jih BucoKoaKTHBHBix MaTepnajioB cBH3aHo c do^iBimiMH aaxpy^He- 
HHflMn. BHHHafl h MoJioRHan khc^oxh, npu u 3 BecTHux yc^oBHux. odecne- 
MUBaJOT ^y^fflee pa 3 ^e;ieHHe, o^HaKo ohh iaK®e dujiu HaJUeHti HenpaKiuM- 
hhmh. B oTJiHRHe ox Bcex nepeRMC^eHHwx Buiue peareHios Ct - okckhso- 
dyiupax aMMoiinH no3B0Jiflex npoBojiiiTB pa3^e^eHne npu ox^aH^eHini, a 
laxace Ha KOJiOHKax Hedo^BnioH bhcoih, rto o^eHB bbiho am pa3AejieHm 
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DJieMeHTOB c BLicoKoii y^ejibiioK C V -aKTMBHocTLio. PasAe/iewie BecoBtix 
KOJIHMGCTB aMepHLiMH M KlOpHA dhl/IO yCneiilHO BbinOJIHeHO B yCAOBHHX, Kor- 
Aa CMo;ia noABeprajiacb Aoae odAyveHM 0,01 BaTT.Hac"* I .r“ I . 3to 3Ha- 
MeHne BB^aeTCH ^a^eKo we npeAeAbHbiM npw HcnoAbaoBaHMii aHHOHoodMeu- 
Htix npoueccoB aaa KoHueHTpjjpoBaHwn aKTHHHAOB . B Tex. cxyyafix, Kor.ua 
HMeeT wecio cejieKTHBHaH copdann, A03a wo sex Obitb noBbiweHa b AecxiT- 
KH pa3. 

HecMoxpfl Ha Bee nepeMHexeHHue Buine 3aTpy.ii.He hub, Bo3HHKaiomne 
npw ncnojib30BaHMM MeTOAOB woHHoro odMeHa b yc jiobhbx bhcokoM paAHa- 
Phh, uinpoKafl nporpaM^a oohckobux pacoi no3BOAwAa onpeAeAMTb Han- 
^ywume ycAOBiia pasAeAeiiHfi aab bc ex c/iynaeB, KOToaue BCTpe^ajmcb b 
npaKTHKe. HaAexHocxb nponecca paoAe/iemiH no3Bo/WAa npuMeHHib bbto- 
MaTHMecKoe ynpaBAeHne TexHOJiorKvecKWMM onepauimiH. 

6) Me t oji,u DKCipaKUHH pacTBopHTejiflMn . TpexBa^eTHUii aMepwuHa /ier- 
ko 3KCTparnpyeicfl Tpw-H-dyTWAipoctpaioM (TI$) M3 KOHueHTpwpoBaHHux 
pacTBopoB. Ha pwc.l w 2 noKa3aHhi neKoiopue pe3y/ibTaTU, noJiyMeHHbie 
npw M3y yeHHH OKcipaKUHH xpexsa^eHTHoro slm \ viu,hb h kk>pmh TBs h 3 

paCTDOpOB HHTpaTOB AWT05I , HaTpMfl, aMMOHWfl, depH/IAMH , MarHMH, KaAb- 
UHB, Me^H, MapraHna, a "D mmhhb , se;ie3a 0 /ianiaHa b 0.5M HNO* 6 
HHTepecHo Tainse oTMeiHib, hto b oicy tctbhh oioporo Hmpaxa npw 
KOHueHTpauHH MNOj MeHee 5-6 M Kos$(pHUweHT pacnpeAe/ieHna kk>- 
pHB 0Ka3biBaeTca MeHbuie cooTBexciByioiuero KO'jqxpwuHeHTa am auepwuHfl. 

3Ha^MTe^bHHii npaKTH^ecKwfi KHTepec npeACTaBAflei npiineHeHMS 
3KCipaKUH0HHUX KeTOAOB AM BHAeJieHJM auepHUWH H KWpHfl H3 KOHpeHTpa- 
tob, coAepaaiuwx peAK0 3eMe/ibHHe npoAyKTH AeAeHHH. OAHano, b cMcieMe 
TE$- , npw MHorociyneHyarofi BKCipaKumi , hgoamm h npoMemii 

conpoBoHAaiQT awepwmiM h kjophJi. Jua pa3AeAeHMfi hx Tpedyeica npHMe- 
HeHwe hhlix ueioAOB. 

SKCTpaKUHB awepnuMB TD$ uinpoKo ynoipedABeicH aah rpydoii omhctkh 
OT Ae/IOMHHX M 'AeJI0MH03eMeAbHHX MeTBAAOB , 

C UOMOAbD AH-(2 3TMA-reKCHA)-OpTOCLoCcpopHOfi KMCAOTU 7 HOKHO no- 
Ay^iHTb do;iee BticoKoe oTHomeHne KOB^xpimneHTOB pacnpeAeAeHMH coceA- 
hhx 3AeueHT0B b p^Ay AaHiaHHAOB, paBHoe 2,9; no cpaBHeHHio c 1,9 
b cucTeMe TE§> - HN0 3 . 3 tot BKcxpareHT doAee ycTOii^HB k tha- 

poAH3y h MeHee pacTBopmi b boag , hcm TS&. OAHaKo^ 3aAana GKCTpaKiiw- 
OHHOrO pa3AeA6HHH TpaHCHAy TOHHeBblX BAeweHTOB OT APHTaHHAOB, a raK- 
se xpaHcriAy TOHjjeBux ajief.ieHTOB Apyr ot Apyra noAHocTb® He pemaeTCA, 
TpedycTCB Aa^iBHeriuiHe q)M3HKo-XHMMHecKwe hoc A eAosaHHH , nowcKH hobux 
doAee nepcneKTHBHbix OKcipareHTOB h peiueHMe caokhux HHKeHepHo-iex- 
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HH'JecKHX 3a^aq. 

3HavMie;iLHH0 jjHxepec npeacTaBJiaao nsy^eHiie bosmokhocth wcnoab- 
30BaHHB TE& AJia OKCxpaKUM coeJXHHeHnfi me c t m Baa en x h o ro aMepniwa. 
O^HaKo oica3aaoci>, mxo aMepHuwa-HHxpax He DKciparMpyexca TB£ , TaK 
KaK dbicxpo bocc TaHaBJiHBaeTCH opraHHMeoKnu paciBopsiTeaeM 50 HHxpaxa 
aMepHiWH (111). 

b) MexojH ocaajeHHfl . nayxoHiaii odmjHo OT^eaHexca ot awepw hwh 
nocpe^ciBOM ocaamewia neperacH nayioHua b khcjiom cpeae. JUa oxAe- 
jieKWH cBHHpa h BiicMyia npHMenflexcH ocaauteHKe hx b bum cyai4)n- 

AOB. 

OcaijieHHe oKcamoB aMepnijwfl m pe, 5 K 03 eMeabHHX oaeMeHTOB urapo- 
so npHMeHfleTCfl ajir otabjichhh wx ox doabiiinx KOJiHMecxB sceaesa, xpo- 
Ma h HHKeM . Ecan KOHueHxpaiwfl aMepimwa w pe,5K03eMeaLHHX a.ieMemoB 
Majia, xo b Ka^ecTBe HocwxeM Mcnoab3yeicH oKcaaaT Kaamwa, OcaaoK 
Mosex dbiTt aerxo ripeBpanjeH b nwpooKHCb odpadoxsofl ropameii meao^bio. 
Ka^buwfi y^ajiaeicH npw noc^e^yjoiiyax npoMUBKax. B paae caynaeB doaee 
yiodHHM HocMxeaeii OMexca OKcaaaT ypana (IV).- Beau b pacTBope 
npucyxcTByeT nayTOHuK, to aMepMUKfl ocawexca BMecTe c oHcaaaTOk 
nayTOHHH (IV ) . 

Ot sejie3a, xpowa h HHKeM aMepnuiffi oT^eJiflexca TaKace b BH,ne 
K 8 Atn, 2 ($0^ ( B KanecTBe HocHxeaa ynoTpedjiaeTCfl K g Pu. 2 (?0 < .) (f . 

9tot Mexo.5 odw^Ho npwMeHHexcH b Tex caynanx, r^e ne xpedyexca 
AHCxaHUMOHHoro odopyaoBaHna. 

JUa oxMJieHHH aMepwnwa ot pe.5K03eMeai.HHx npo,5yKTOB xenema 
npHMeHaeTCH ocaKaeHHe Kaanft-aMepimiia-(y )-KapdoHaxa . Hpw Maaotf 
KOHueHipauHH aMepmyjfl b KaweciBe Hocnxeaa Kcnoat3yeTca ypamui - 
5jjw nJiyxoHHJiTpHKapdoHaT Kaaua, PaHee mnpoKo npwMeHHBiifflflcfi $to- 
PH.5HH0 Meio5 b Hacxoamee BpeMH HaxoflHT orpaHmeHHoe npmjeHeHne. 
BoccxaHOBaeHHe aiaepumiH (VI) npoAyKxaMw pajxnoan3a npnBo 5 HT k 3Ha- 
WMXeJIBHHM nOTepHM aMepHUMB. 

r) BHieaeHne aMepnutifl H3 cxapax npenanaxoB nayxoHiTH . Han doaee 
npocTHji nyxeM ^aa noayneHM <JHCToro H30icna Am/ 2 * 1 aBJiaeTca BH^e- 
aeHHe ero H3 .naMieabHo xpaHH3meroca nayioHna. AMepnmrft-241 HaKan- 
MBaexca b nay x ohm KaK npo^yKT -pacna.ua nayioHHfl-241, 

Ojhhh rpaMM auepniuifl-241 Ciua BH^eaen H3 nayxoHwa no onwcaHHofi 
HHKe cxeue. 

nayxoHHfi oxaeMJicH b bh^s nepoKCM^a. H3 $HatTpaxa awepHUHii 
BMecTe c ocxaxKaMM iuiyxoHMfl ocaacjiiaaca c raapooKHCbD seae3a, koto- 
paa oT^eaaxacb Ha $aabTpe h pacTBopaaacb b cepHofi Kwcaoxe. Tlayxo- 
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hhK bocc xaHaBJiHBajicH jto xpexBa;ieHTHoro coctobhhb h ocaamaaca b 
BIM e Auepumifl coocaawaucfl c luiyxoiweM. Ilocjie 

noBiopHoro ocaKweHHB .hboBhhx cyjn>(JbaxoB dbiJio AocTHrwyTO noflHoe ox- 
Ae;ieHIie or xene3a. Oca,noK pacTBopajica b4M HNQ 3 ,ruyxoHni* okhc 
jih jicb dnxpoMaxoM no wee THBajieHTHoro c oct ob hub h awepimiiM 

ocawaBCB B Blue K g Am z (^) 7 . Oca^ox pacTBopBjicB b 0,1 M HC£ 
nocne qero ocraiKu n./iy tohmh BKCiparnpoBaBucb paciBopoM xeHowJixpw- 
'.pTopaueioHa b deHaoJie. B nojiyweHHOM npojiyKTe cojtepjcaBoci. no Becy 
oicojio 50/0 awepHUMfl . IIocBe axoro npoBo.nw.nca a^Hnax aMepwuwa. CxeMa 
a<JxJ)MHai£a: y^aaemie MexaajioB cepoBo^opoAHoii rpynnu b Biue cyju>$u- 
^ob, AByxKpaiHoe oca^enue aMepwmifl b Blue Kajajfl-auepimHJi-(lO-Kap- 
doHaxa, ocai,neHne oKcanaia aMepnnwa , npoKaawBaHwe 11 noJiyweHwe ko- 
neqHoro npo^KTa b Bn^e nsy okhch aiiepwuwa. noJiyyeHHufi npenapaT co- 
aepacaa MeHee I# npwMecefl. 

PacTBopHMocTB h co ciaB HeKOTppux coeiMHeHM aMepwiffa: Onpe- 
Ae^feHa (popMaaLHaa pacxBopwMocxB HeKoxoptix coe^HHeHiiM aMepwiiwn, 
rjiaBHUM odpaooM iex coenwHewifi, KOTopue iiweioT SHaaeHwe b aHaamw- 
wecKoW XWMHH ororo oneMema. IIoayqeHHue naHHue npuBe^eHu b xadaw— 
ue i. 

Tadanna 1 

PaCTBOpHMOCTH HCKOTOpUX COeflMHeHHfl aMepMUWH 


CoejjHHeKHfi 

CocTaB 

paciBopa 

TeMnepa- 

xypa 

C°c) 

lopMajiBHan 

paCTBOpHMOCTfc 

t/ji 

riUpoOKKCfc 
aMepnuHH (111) 

0,3 M nu; OH 

20 

2,4 -I 0“ 3 

OKcajiax 
aMepumiB (m) 

0,1 M H 2 C 2 Cl+ 

0,1 M UNO, 

22 

I, 8 - 10~ 3 

VT 

0,25M HN0 5 

20 

2,5:10“ I 

If 

0,2 M H 2 C 2 0^ 

25 

l, 8 *TO " 2 

TpH$TOpH^ 

aMepnuHfl 

2,6 M HF+ 

I M MN0 5 

25 

1 ,6*IO” 3 

Haxpwii awepw- 
m-iaapexaT 

3m top n 

09 

6,7 -.lO ” 1 

Kaawft aiiepw- 
mui-OO-KapdoHax 

C 3 2. 

3,5M K 2 e0 5 

25 

4 , 8 ?I 0“ 3 




J 
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Xmmm i I6ckwm ciHajinsoM ]/[ no cneicxpaM nor^omenwH b nojinKpncxa^iM- 
yecKoJi $a3e npw iwskwx reunepaiypax M^eHrmJjMUHpoDaH pax xboHhux 
cyjii4>aT0B ajaepwuM (ill) c KajweM, pydHjweM, ue3weM ii Taxmett (d) 9 . 

^BoilHue cyjiL^xu ocawajiMci na 0,5M pacTBopa cepHoil kmc^oth 
.nodaBJieHweM pacxBopa cooiBexciByiomero cyjibtfaia <WHOBa;ieHTHoro ue- 
rajIJia * B xacOiime 2 npe,nciaB;ieHu nojiyqeHHue pe3yju,TaiH. 

TadJiupa 2 

CocxaB ^;bo«hux cyjibtpaxoB aMepwiwH (Hi) c cwHoBajieHXHUMM 
MexaJuiaMH 


Coe^nHenne 

Hcxo^Hoe MOMpHoe oiHouieHHe 

M 

A itt/ 

§opMajibHaa 

pacIBOpHMOCTL 

r/ji 

ox 

£0 

OT 

ffn 

K Am^O^’ 2 H 2 0 

3,0 

6,4 

3,8 

2 8 

H 2 0 

17 

37 

0,12 

^ j u 

0,04 

K s km z {%) 7 

153 

411 

0,014 

0,003 

R8>Am/(^0^) 2 4H 2 0 

0,6 

325 

7,12 

0,8 

CSAm(v>Oj 2 - 4H 2 0 

5,0 

400 



'?BAm($0 4 ) 2 -4H 2 0 

1,9 • 

4,5 

5,7 

4,6 


6,3 

17,3 

4,2 

1,4 


2. HeKoxoptie wcc/ie.noBaHM cneKTpoB nor^iomeHufl 
aMepumia b KpncxaMax h paciBopax 


JlJia conocxaBjieHuj? 3aKOHoMepHocxeit Hao^roflacniHXca b ps^y coe^H- 
BemM H303Ji8KxpoHHHX anajioroB Eu 5+ uJ\tn ,+ Pun 0 npexnpuMTo U3y- 
weHue opwapHoro h abomhhx cyaB^axoB eBporma « Kama, A na Koxopux 
ncc;reji;oBaMCb cba30Baa .miarpaMMa CKCxeMH "^SO^-Eu^O^j — H 2 0 


x) JaHHuK pa3^eji cocxaB^ieH Ha ocHOBe MaxeDuajioB 

ropdeBKo-repMaHoBbiM A.c. y » 


upe^c xaB^ieHHHx 
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n cneKxpu noraomcHHa b tbcpacJ; cpa36 10. 

CpaBHeHHe xhmhrgckmx cboKcib aboHhlix cyatiJiaTOB Ei/ + w Am/ 4 ' 
c Ka/ineM odHapyacjiao raydoicoe cxoacibo DToro pn^a cogamhghhh b cmhc- 
jie xnMnqecKoro noBGAGHna w cymeciBOBaHH/i pa^a anaaoraHHUx no coc- 
xaBy coeAMnenwii. ConocxaBacHne cnexipoB noraomeHHH aHaaoniMnux 
cogahhghh}? Eu, w Am, * , a xaiue cpaBiietwe BeaiiRHH c uji ociwaaa- 
TOpOB, C OOTBeTCIBy 10IHHX 3aGKTpOHHUX nepeXOilOB , KOTOpiJG m,j in aMGpMLlMfl 
dtian Bumic/ieHii Kax Aaa KpiicxaaaoB abojihux cyabijaxoB, xax w am 
paciBcpoB Atn , AmO/ n AmO/ f B HC80^ w H 2 $0 4 , c hgcom- 

hghhoctlio rioica3aao, MTO 5$ odoaoHKa 3Ha’4HxejitHo doabwe noABGpaieHa 
BJIMflHHIO BH6UIHHX QaeKIpWHGCKMX IIOJIGfi . OCOdeHHO l iyBCIBHTGJieH K H3Me- 
hghhio cocxaBa pacTBopa cneKTp noraomeHwa awepnmifl (VI), KOTopuii 
nccacAOBaaca b paciBopax cgphoM (II) vt asoiHon rare, tot (pnc.3). 

ConocxaB/ieHne xeopcTHRecKH BUHncaeHHUx Bejimn h ewa ocnwaaaxo- 
poB noaoc nor^omeHHH hohob aKiHtuAOB c HaftAeHHHMH BKcnGpuMeHiaat- 
HHUW 3HaqGHHHMM am noaoc Am, 5 * f Am,0 2 + » AmO/ b paciBopax 

h H 2 ^0 4 noKa3aao,<Jxo aa noaBJieHwe othx noaoc OTBexcx- 
b®hrh BtiHysiieHHue 3a6KTpnnecKne AHnoabHtie nepexoAB: BHyxpn 5$ 
odoao'/Ku . Cnabi ocuHaaaxopoB noaoc noraomeHHH Am 5+ u Eu, 5+ b Kpuc- 
xaaaax opAHHaptwx h aboHhlix cyabcpaTOB xarae cBHAexeaLCiByjOT o blj— 
HyameHHoM oaGKTpuRecKoM AunoJibHOM xapaKTepc dtux noaoc. B Kpncxaa- 
aax cuati ocpniuiHiopoB noaoc 7 - 5 J W Eu 3+ npeBLituaan ch/ili ocu*ia« 
aaxopoB noaoc Am, ( 4550 h 5030a ) b cpeAHeM Ha abb nopflAKa 
( ~ l,0*10" 7 am Eu, 3 * h~1,O-I0~ 5 am Am 54 " ). 

^IloayqeHHue AaHHue o noaosceHHK h cxpyxType noaoc noraomeHHH 
Atn j+ (8110 h 10500 A ) h onydanKOBaHHue ,naHHue no nKMHHecueHimH 
^ b LaCEj (12) aeran b ocHosy npeAaoxeHHoH cxgmh ochobhoto xen- 

mb Am 3 * ? F . 

Hcxo.ua H3 odmeii iuhphhh MyabTHnaeTa ? F (12330 cm - 1 ), daaa blj- 
HMcaGHa KOHcxaHia 3icpaHHpoBaHHH HApa Am, 34- ( 6'=52), H 3 3Toro 

cae^yeT, mxo 5^ -odoaoHKa aicm hhaob 3HaiHxeai>H0 mghbuig OKpaHHpyex 
aApo, neM 4«f -odoaoRKa aaHxaHHAOB (ipiaEiT 6 =34). B npGAno- 

aoHGHHM o BOAopoAonoAodHoM MOAean noHa Atn, 5+ dtiao ouGHeno cpGA— 

H6G paccxoHHue 5^ -odoao'iKH ox aApa (iX ). 

Ha ocHOBe noayMGHHug ashhux o niicae komdohght paciiiGnaGHHfl no— 
aoc Am 4550 w 5030 A BUCKa3aHo npeAnoaoKeHae o tom,rto nepBLie 
ABa B03dysAeHHHX aaGKTpoHHUx ypoBHH Am, 3+ (21906 k 1987? cm" 1 ) 
npHHaAaGxax k odpameHHUM kbhhxgthhm lepwaii. 

ncpBui! B03C3ysAeHHUfi ypoBGHB (19877 cm - 1 ) H a ochobg npaBna ox- 
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dopa AJifl o^eKipHMecKoro .HHnoJibHoro nepexo.ua 0 HadMweHHoro wcjia 
KOMnoHeHT pacmenjieHHfl Moxex dtJiL, no-BHjnnMOMy , 0Hiepnpei0poBau 
Kas 5 G 6 

pKcnepuMeHia/iBHHe AaHHhie o nncjie KOMnoHem pacmen^eHHn dojioc 
AfR m npe^/ioaeHHafl cxeMa ochobhoto cemeiHoro repua no 3 BOJiflex 
c^ejiaib bhboa o wacunHOM oxciynjieiWH ox HopMajiLHoro 1011 a cbash 

( Ij , ^ ) H npMdMSCeHMH CBH30 K limy npOMesyTOMHOK VSM jj -CBtf30. 

Ha ocHOBaHHH ^aeHHX od yBe/mqeHUH noJiyuiHpnH EOMnoneHi pacuen- 
Jiemffl no/rocu 5030A Am» 3+ b icpaciajuiax coeAnHeH 0 ft aMepnunfl npju no- 
BHineHHM ieMnepaiypn CAe/iaH buboa od BKcnoHemyiajiBHofl 3aBHCHM0CTn 
ueac^y nojiyuwpHHoii no/tocu norjoneeun 0 adcojiDXHofl xeiinepaiypofl, b 
ouiHMJie ox JiHHefiHofi 3aBncnMociH MeacAy noJiyiDHpuHoH 0 Vt ,HafiAeH- 
hoH b cjiy^ae AamaHHAOB. 


POMTMqecKoe 


auepniinfl 


auepumifl (F) 


H 3 B 6 CTH 0 , MTO aMepHirafi (Fl) 0 aMepnmrfi (F) B BOAHHX paciBopax 
BoccxaHaBMBaioica noA AeiiciBneM codcxBeHHoro ajiBtpa-nsjiyMeHBH (ii, 
13, 14,15,16). nepBoHa^ajiBHo c^Hia/iocB, 'ixo cEopociB paA0OAMiH*je- 
CKoro BoccTaHOBjieH 0 B Kan aMepBmifl (FI) ,xaK h aMepniwa (F) nocioflH- 
Ha 0 nponopiwoHajLHa cdnefi KOHaeHipaiWB aMepniuifl b paciBope, npa- 
qeM 5O3i|xJ)im0eRi nponopiwoHajibHociH 3aB0CHi ox cociaBa paciBopa. 
O^HaEO doJiee Aaia/iBHue 0 ccjieAOBaH 0 fl noKasajiH^ro 3io yiBepsAeHiia 
cnpaBe^MBo iojibko ajib aisepaiyiB (FI) (17). 

PaflnoMintjecKoe BoccTaHOBAG Hne aiiepBmra (FI) m (F) nccjieAOBa- 
jiocl b paciBopax xjiopHofl, cepHofl 0 a3oiHoH kbcjiox. Ehjio HaftAeHo, 
qT0 bo Bcex cjiyqaax cEopoeiB BocciaHOBaeHHa awepHuna (FI) nponop- 
UHOHaaLHa odnjetf KOHqeHipapnn aMepnium b paciBope 0 npaKinqecKB no- 
cxoBHHa ao no;iHoro 0cqe3HOBeH0a aMepniwa (FI); 


d[Am- (vi)] 

(it 


:k «W, =-jrM 


JIjih pacwexa BeAH^HHti k^ yjxodHefl nojii>30Baii>cfl 03MeHeHHeii 
cpeAHero BajieHTHoro cociohh eb, M , aiiepHimfl b paciBope co speMe- 
Hew, nocKOJiBKy 3io 03MeHeH0e xapaKxep03yex xojibko npoqecc Boccxa- 
HOBjieanfi aMepwiunj, He3aBMC0Mo ox xoro, KaKofi 03 0ohob BoccxaHaB- 
JiHBaeicjj, m, mo Hando^ee bbeho, peaEijBfi HMcnponopctnoHHpoBaHnfl aue- 
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pHOHfl (V), npoieKaioinafl b khc^ux paciBopax, ae iiphboamt k H3ueHe- 
hmo cpejmero BaJieHTHoro coctoahhh. Bo Bcex HCc/ieAOBaHHux KHCJioxax, 
3a wcKjiKMeHneM 9,0 m 12,0 M HCIO^ , n3MeHeHwe cpe^Hero BaJieHTHoro 
codoaHUfl co BpeweHeM, , nocioaHHo Tex nop, nona b paciBo- 
pe npucjTC TByeT auepjmHJi (VI). 3to CBHAexejiBciByeT o tom, mto 
ckopoctb pa^Ho^uTK^ecKoro BocciaHOBJieHUfl onpeAeJiHeica ckopoctuo 
0(5pa3OBaHHH boc c TaHaBjiHBaKDtyix npo^yKTOB paAnoJinsa h Bee otipa3y»- 
nmecH BoccTaHOBHiejiif paoxo-nywrcs . PeaKiyw BocciaHaBJieHHfl aMepimufl 
(FI ) h aMepHUHfl (F) bbjihdtch noc Jie^oBaTejifcHbiMH , oAHaKo, Kor^a kqh- 
ueHTpaiyiH aMepmjHfl (V) CTaHOBmca 3HaqriTe;ii>Ho tioJibme KoHqeHxpamiH 
aiiepumifl (Fl) f aMepHUHB (F) HaquHaei KOHKypwpoBaTB c aMepumieM 
(FI) b peaKUHH c npoAjKTaMM pa^n o jih 3a . Ha dto yKa3HBaeT 3aMeA^e- 
hh8 BoccTaHOBJieHHfl aMepwmifl (FI) h pocT xoHpeHTpamiH aMeparyiB (ID), 
sor.ua ocTaeTCfl MaJio auepnmifl (FI). 3to 3aMe.nJieHije Hadji roAaeTCH ^axe 
npH hh3koH khcjiothoctw (0,1 h 1,0 M cepHaa KHCJiora), r^e npasTime- 
ckh moxho npeHedpsMt AHcnponopmioHHpoBaHHeM auepifUttfl (F), xoiopoe, 
na nepBHii B3rjiflA Morjio tin otii>flCHHTB 3aMe,peHHe BOCCTaHOBJieHM aMe- 
pwitfifl (VI) h noflBaeHHe aMepHWifl (Hi) , Kor.ua KOHqeHipauHfl aMepnmifl 
(F) BejiHKa. 

Ecjih npHHHTL, mto b paciBope npoTeKaBT KOHKypnpy»mHe peaxiiHH 
BoccxaHOB^eHMH aMepHima (FI) h aMepumta (V), npjnieM Beet otipa3yx>- 
nyjtfcfl b pesyjibTaie pa,imojiH3a boah BoccxaHOAiiTeJib pacxoAyeicfl Ha 
BoccTaHOBAeHwe toro hjih nHoro noHa aMepwwifl ( o vein CBH,H6TejiBCTBy-j 
eT noCTOflHciBo cxopocTH n3MeHeHHfl cpeAHero BaJieHTHoro coctoahm), 
to BepoaiHocTB Toil wjih whoK peaKUHM dyAex onpeAeAHTBCfl OTEouieHweM 
KOHueHTpaiina aMepuiwa (FI) a (V) h oTHoienneM kohc T aHT cKopocxefi 
hx peaxmifc c b oc c TaHaB jth B aDmxMH npoAyKTaim. OxHoraemie KoHcxaHT 
CKopodew woseT Chtl no;iyqeHo H3 cjieAyoiUHX ypaBHeHH# (II): 


J±f 

^<6 



d[Atn(vQ] 

dt 


(vi)] / [Atn (v)] \ 
dt \J[Am(yO]y 


H 




d[Am> Cv5] 

~3t 


kcj[A'u] w jm, d[Atn(vj] 

^ 2 + dt 


[Am oo] 

[AmCvO] 


3th OTHQineHHil tiHJIH BBUJWCJieHH £M 0,1 H 1 ,0M CepHOii K.HCJI0TH K 
pacTBopoB coCTaBa 0,2M l-S CBO^, + 1,0 M Ll 2 ^0^ a 0.2M HCPO^ + 

+ 2,0W U 2 90^ . B GJiy^ae I,0M cepnofi khcjioth yMHTHBaAoci, xaKae 

^HcnponopqHoaifpoBaHHe aMepHqEfl (F). IIoJiy'ieHHHe pe3yjiBTaTH npHBeAe- 
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I 


hu b rad/mue 3. 


Tadjiima 


Cpe^na 

IWM Vt 2 $0 4 

0,2 M HCB0„+ 

U0iyiu 2 S0 a 

0,2M MQ a * 

+ 2,0M 

1,0 M H 2 *0 4 

~ ■ 10 2 
^6 

2,0 i 0,5 

O 

** 

M 

+ 1 

O 

CD 

10,0 - 0,5 

29-4 


CKopOCXb BOCCiaHOBJieHHH aiiepMUHfl (V), B OTMM'i/ie OT aMepHLWfl 
(VI ) nocTOHHHa iojibko b cbmom Ha'-Ja/ie, h ynieHtniaeTCH c yueH&iiieHMeM 
KOHpeHipamw awepHUHH (V), npmeii b paciBope nocxeneHHo Haxaim- 
BaeicH nepeKMct Bo^opoAa. 

Jjiuio HafweHo,Hxo buxoa odpa30BaHnfl nepeKMew Bo^opoj;a, G H 0 
b pacTBopax Am(S) cociaBJiaeT 1,24 w 0,7 am 0,1 g 1,0 M cep^Hofi 
khc jiotu, cooiBeTCiBeHHo. CneuMa/iBHo wcc;ie,noBa;ioci> TaK&e BoccxaHOB- 
xeme aiiepmow (V) nepeKHCBio BOAopo^a b 0,1 M HC'BO^ . Xapaxiep 
BxcTaHOBJieHHH b 3ioM c/iyqae duji aHa^oraneH HadjismaDmeMyca npn 
pa^HO^lHXHHeCKOM BOJpaHOBHeBHH. 

Beji« , qnHak 0 (=- no3BOMer paccHHxaib Hana/iBHue buxo^u 
bocc T aHoB^GHHH aMepumw (Vl),C flm(v0 , b eMHwuax HHCJIO Boccxa- 
hobwbiuhxch noHOB Ha 100 9B nomomeHHofi 3HeprM. Jinn H3oiona aMe- 
pwmr2-24I, npMHHB%/ 2 -461,3 ro£a h BHeprHio a^tcpa-pacnana 
5,639 f<l3B, b AtT1(v ^ “103,4 , b xadMue 4 npnBej[eHti BeM^iiHU 

Buxo^a BoccxaHoB^eHHB aMepHUM (VI), no^y^eHHue Ana pa 3 MHHux pacx- 
bopob xjiopHoii , cepHotf n aaoxHoii kmcjiot. 

Kax BU.HH 0 M3 3THX JiaHHUX Ha BUXOA B 0 CCTaH 03 JieHMfl aMepHIWH (VI) 
BiuraeT xax yBejmveHHe kwcjiothociw, xax a ysejiMHeHMe KOHueHipapnn 
x/iopaT- mm cyjiBtpaT-HOHOB . BejiMMHu Buxo^a BocciaHos^eHMfl aMe pimua 
(VI) b x^opHOM h cepHoM KMCJioiax npMMepHo oam H aKOBu m yMeHBiuaioi- 
Cfl c y BejiMHenneM KOHueHipaiura kmc^oiu. IICKJijoHeHHe npe^cTaBMei 
10,0 M cep Has KMC/ioxa, jinn Koxopofi HadJiD^aeica HeKoxopoe yBejiHHe- 
HMe BHxofla, B 0,2 M x^opHoM m 0,1 M cepHoM Kwc/ioxax buxom 
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Tad;wua 4 


Buxo.nn paflHOJiHTHwecKoro bocc TaHOBJieHWB aMepuuMfl (VI) 


Cpe.ua 

^Ain(vi) 

Cpe.ua 

^M(vi) 

i 

Cpe.ua 

^An(n) 

0,2 M HCI0 4 

4,18 

0,1 M 

4,18 

0,5 M HHO, 

7,1 

2,0 M tt 

3,31 

1,0 M " 

2,95 

3,0 M 

8,9 

4 ,0 M M 

3,31 

2,0 M " 

2,59 

6,0 M 

9,0 

6,0 M " 

3,52 

4,0 M " 

2,09 

9,0 M 

10,6 

2,0 M HCt0 4 + 


6,0 M " 

1,86 

14,3 M 

6,0 

1-4 ,0 M NaPG0 A 

3,94 

1-^1 

O 

>• 

o 

s 

2,28 



4,0 M HCI0 4 + 


0,2 M HCI0 4 + 




f2,0 M NaOGO A 

3,67 + 

• 1,0 M W 2 $0„ 

3,26 





0,2 M HCI0 4 + 






2,0 M U 2 $0 a 

2,63 




BOCCTaHOB^eHHJI OAHHaKOBH y[ MaKCHMaJILHH. YBeMMeHHe KOHUeHipaUWH 
XJIOpaT— MOHOB npH nOCTOflHHOii KWCJIOIHOCIH npHBOAHT K y BeJIH'JGHHK) BHXO- 

j;a BoccTaHOB^eHiTH auepamui (VI), b c^ywae &e cyjib$ax-HOHOB npoifc- 
XO.HFJT OdpaTHOe. B KOHIjeHipHpOBaHHHX pacTBopax xjiopHofi KMC/IOIH Xa- 
paxiep BoccTaHOBjie hhh aMepnunfl (VI) pe3Ko w3MeHaexcfl: b 9,0 M 
XJIOpHO# KHCJIOTe (pnc.4) BHXO.H BOCCTaHOBJieHKB , nepBOHa^aJIbHO paBHblfl 
npnwepHo 2,9 , dticTpo yueHbmaeTCfl c yMeHbiueHHeM KOHueHipaijCTM aMepw- 
unfl (VI). YBeMMeHiie odmefl KOHuempamiH aMepmwa , i . e . ,ho3h odJiyqe- 
hhb, npHBOAMT k Oo^iee pe3KOMy yk’eHbmeHHD G AniCvi) . B 12 M xjiophoK 
KwcjioTe BoccTaHOBJieHHe Kax MepwunH(VI) ,iax h aMepHUHB (V) ripaKTM- 
MecKH oxcyxcisyex (300 vacoB). 

B KOHUeHXpupOBaHHfclX paCIBOpaX XJIOpHOii KKC-KOIH B 3HaMHTe^IBH0w 
cxeneHH npoMcxoflHT pa,HnoJMinyecKoe pa3JioaeHHe HCI0 4 , npmeM npo- 
AyKTti paOT0M3a, no-BmuMOMy, npenaTCiByioi BocciaHOBJieHHX) anepn- 
Uhb. TaKHMM npo^yKTaMM Moryx duib CI 2 m CI0 2 , oOpaaoBamie Koxopux 
du^o OTMe^eHo npw odJiy^eHHH xjiopnoii khcjioih raMwa-Jiy ^awm (18). 

IIpn ucc Jie^oBaHHH cneKxpoB nor/iomeHna aiiepiimifi (III) b KoHueHxpupo- 
aaHHHX pacxsopax xjiopHofi khcjioih Hadjno,najiocb cwjibHoe yBejnneHjie 
nor^omeHUfl b KopoTKOBOJiH03oi! odjiacTH cnexxpa (npw ^neax bojih 
M eHbiMX 500 mk), KOTopoe moxho oiaecxu 3a c^ex CI 2 h CI0 2 , odjia- 
.HampTX norJiomeHweM hmchho b bxoM odJiaciH, 

XOJI BOCCXaHOBJieHM aMepHUHB (yi) H (y) B a 30 IH 0 M KMCJlOie 3 Ha- 





VKiejibHo OT;iM'iaeTCJi or xona uoccTaiiou Jiennw a c ep now w xnopHoii kwc— 
JI0TaX: UUX(),U,hl I) 0 0 C T OH 0 H JI 0 H M SI aUO|)MUHfl (VI ) y Uf.VIW'IH KOkiTCH c y Be;iH- 
MeiiHeM icuHnetiTpamiH aooTHoM khcjioxu no 9,0 M w >iwiul HeciconLKo 
ymiLmimcH » 44 ,0 M. Ilpn oxom ue;inMHHu Buxonou npwMepno a 1,5-2 
pa3a ouioe uuKCKMUJii.iioti DejnniHiM, rroJi.y Meunoli a 0,2 M x;ropHo« khcbo- 
Te. AMepmwn (V ) , iiunpoTHD BoccTairnDnuBacTOH b aaoTHofl Kwcnoxe 
O l ICHL MO.HJieilNO H GKOpOCTB BOCG TQHOBJieHMB yMCH tlliQGTCfi C yMeHtllieHHeM 
ero KonueiiTpauMH (MaKciiMa.ni, nan cicopocxt BcocTaiioBjieHHH aMepnpMH(V) 
cocxaBMCT oko;io : i% a Mac b 0,5 w 0,8?«5 b Mac b 3 M MNO } ). B 
asomoKHc^bix paciBopax awepHiwifl (!l!) nepeKwct Bonopo.na He odHapyxe- 
Ha. riO-BH.HHMOMy , Ha,HO Up t-’,Ii,II0J10KHTL , MTO B aSOXHOKMCnUX paCTBOpaX 
BoccTaHGBJieime npoHexonKT non neJicTiweM btopmmhux nponyxioB, nony- 
HaiOIUHXCH npH BaaMMOAeiiCTBHM npo^yKTOB panH0nM3a C a3OXH0ii KHCJIOIOii. 
CyMUapHLlfi BHXOXi; IQKHX npCUyKTOB, HBnHEmHXCfl BOCCiaHOBHieJIflMH JIM 
Quepmjusi (VI ) , Bbiiue auxo^a BoccxaHaBJiHBaioinMX nponyxTOB pannonH3a 
BOflti, xorna Kax ronbKo HedonLiuafl HacTL oihx bxopwmhhx nponyKioB 
BoccraHaBwiBaeT aMepnnnfi(F). AHanoranHoe yBenHMeHHe panwonHiHHec— 
Koro BHxo.ua BocciaHoBneHwn Ce(lV) b asoxHoti iojcnoxe duno npznHca- 
ho odpasoBaHHio hhxpmi-hohob (19). Kaic OKaaajiocb. hhtphi-hohh, bb- 
MRCb CHJIbHHMM BOCCTaHOBMTejlHMH JJJ IH 6 PH HUB (lV.l), H0 BOCCiaHaBJIK— 

Baiox aMepHipui (V): necaxincpaiHaH no oxhoiuchhio k KOHaeHipauHH aM6- 
Phuhh (F) Aodauxa hhtpht-hohob He rrpwBena k yBejiHMeHuio oMeHb Men- 
nenHoco pa,a,HojiMTMMecKoro BoccxaHOBjieHHfi aMepnmia (V) b I M MHO 
TnKoe oxHoiiieHne hhxpht-hohob ic aMepnuHJD (VI) h aMepwLuno (V), no- 

BHJHlMOidy , H oCbBCHfleT pa3JIHMHLifi XapaKTep BOCCiaHOB.'ieHHB 3THX HOHOB 
B a30XH0ll KMCnOXS. 

BjiHHHHe xeimepaiypLj Ha cxopocTb BoccxaHOBjieHHH aMepniyifl (VI) 
H3.yMajiocb b pacxBope cocTaBa 4,0 M HCI0 4 + 2,0 M NO/C0O 4 . OKa- 
3ajioct, mto c y BejiHMeHHen xeMnepaxypw CKopociB BoccxaHOBJieHHa 
yBeHHVMBaeicfl, h npn 75° npHMepHo b 4 pa3a npeBbrnaei CKopocit boc- 
cxaHOBjieHHH, Hadmonamyracfl npn 25 °. Taicoe yBejinHeHne cKopocm b 0 c- 
CTaHoB jiennfl aMepimHfl (VI) cBHueTejiBCTByeT o BoccxaHOBJieHHH aMepa- 
iiM (yi) B040M npn noBHiueHHH TewnepaTypu, tqk kok Bee H3BecxHHe 
no cmx nop naHHHe yKa3biBaDT Ha xo, mio CKopociL panHontH3a bohh no^ 
neficiBweM annIa-MaoxHU ox xeMnepaiypti He 33BHCHX . 3xot BHBon non- 
TBepsn.aexcn xaxse xeM,Mxo cxopocxL BoccxaHOBneHUH ripw 75 ° HBnjieicji 
4>yHKpH eH KOHuenxpauHK aMepMasn (VI )« 
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i'jic nponopuHOHHpoBamie aMepnuna (iy) 

IIpHHflTo cwxaib, mto auepmuifl (IY) He odHapyHMBaexcfl b boahux 
paciBopax Bc;ieACTBHe BoccTanoBJieiuiB boaoK .no xpexBajiemHoro cocto- 
HHHfl • O^HaKo TaKoe npe^nofloHceMie 0Ka3UBaexcfl He^ocTaioMHUM ajix 
odi>fic HeHHfl MexaHH3Ma peaxmiw ^ircnponopuHOHHpotaHMH aMepMmifl (F). 

B 3tom cjiynae npHXo^HTCH AonycTHib, yxo odpaayroipilcfl aMepimHii (IV) 
HOMHMO BOCCTaHOBJieHHH npO,HyKiaMW pa^M0^H3a, JIKdO AHCnponopUHOHH- 
pyex, Jindo B3aHuoAeMciByex c auepwmieM (V). OKcnepMMeHxajibHue mc- 
c^ejioBaHMfl noAXBep^HJiH oxw npe^no^oKeHMH (20). 

TIpw paciBopeHHH AByoKwcw aMepwiwfl b cepHofi KHC^oie b paciBope 
odHapyjtcuBaDTCfl 3aMeiHtie KOJMMecTBa aMepmwfl (VI), KOTopatt Moacex 
noHBHiBCfl xoJibKo b pe3y;ibiaie .nijcnponopmioHwpoBaHWii aMepumia (VI) 
h nocJie^yBiiiHX peaicmjfl: 

2Am (5)= Am,(i)+Am/(v) i - 

AmO v ) + Am(S)= Am (i[')+Am;(yi) 2. 


Hapa^y c othm b cmibHOKMCJiux pacxBopax HMeei MecTo peaKiyifl: 

2 Am (v')=Arri(iy) Am/(vi) 5 - 

B odojix cjiyyaax cyuMapHotf peaKuneii dy^ex: 

3 Am Ov) = 2 Am (I«) +• Am (v>) 

Tax Kax aMepumi^ (V) b paciBope npaxTHHecKw oTcyiciByex, xo 
CKopocib cyuuapHoM peaKiuni onpe^ejifleicfi peaKimefi (1). 

^ByoKHCb aMepmiHfl paciBopajiacb b 0,5; 1,0; 2,0; 4,0 h 6,0 1J 
cepHotf KHc;ioTe. PaciBop aHajiw3npoBaJicfl cneKipo$oioMeipHMecKH Ha 
coAepaaHHe aMepumiH (III), (V) h (VI ). npoMesyxoK BpeMenw Meswy oi- 
^ejieHHeu pacTBopa u u3i.iepeHHaMH cocxaBJia;i npnwepHo 20 mhh. Beponx- 
HOCTb peaKIWH AHCnponopHHOHHpOBaHHB aMepMUHH (VI) paCCHHIHBa^aCb 
no peaxunH (4). Pe3yjibTaTH npHBe,neHu b iaojinue 5. 
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Tatfjwua 5 


J[ncnponopuwoHnpoBaHne aMepwmifl IV b cepHofl kmcjtotg 


KoHijeHTpa- 

UHfl KHCJIO— 
TH 

Odmafl 

KOHIieHT- 

pamia 

aiiepHHMH 
b paci- 
Bope, 

MM 

CodaB pacTBopa b % 

BepOBTHOCTB pe- 
aKmitf b # 

Am (ih) 

Am(vi) 

Am(v) 

AMcnponop- 

UHOH. 

Am (iy) 

BOC- 
C TaHO- 
BJieH, 

Am (IF) 

6,0 M x ^ 

29,4 

87,7 

11,7 

0,6 

36 

64 

4,0 M x ' 

16,9 

80,7 

18,9 

0,4 

57 

43 

2,0 M 

10,3 

75,7 

24,3 

0,0 

73 

27 

1,0 M 

5,7 

68,1 

30,1 

1,8 

96 

4 


x) ^ByoKHCb pacTBopn^acb np.w HarpeBaHHW Ha bomhoK daHe. 


KaK bhaho M3 xadMiiH 5, peaxmiH ,hhc nponopmi o HupoBaHHH aMepw- 
UHH (IF) BnojiHe omymia Aaae b cpaaMie/iBHoB KpenKofi kwc./iot6 
(6,0 M ), h no Mepe yMeHtmeHM kmcjiothoctm ciaHOBUTCH .no- 

MMHupyioineJu 

noflTBepac^eHHH peaKiww (2) 6 um nocTaBjieHu BKcnepHweHTH, b 
KOToptix jiByoKHCB pacTBopn jiacL b 0,5 M cepHow kmc jiotg , c ojnepsameM 
H3BecTHce KOJiMMec tbo aMepHiuw (V). B c^y^ae, koto wcxo^Hoe kojim- 
^eciBo awepHUMfl ( V ) 6ujio b 2 pa3a dojibiue KOJiM^ecTBa paciBopGHHoro 
aMepHHMfl (IF), BepofiTHocTH peaKHMM pacnpe,ne^M^Mci) c/ie^yioniMM oOpa- 

3om: 

peaKUHfl 2 - 77 #, 

peaKHHH 4 - 1056, 

peaKuwfl BocciaHOBJieHHH 4 iri/ IF - £356. 

B c^ywae, Kor^a HCXo^Hoe ko-timm ecTBo aMepnuHH (F) Cujio b 2 paaa 
MeHbine KOJnnecisa pacTBopeHHoro awepwiyifl (IF), aMepnuwit (y) no/r- 
hoctbio npopearapoBaji c aMepHpweM (iy) m BepoflTHocxM peaKHnii pacnpe- 
ASjihjihcb c^eflyiomwM odpa30M: 

peaKiyifl (2) - 37# 

peaKiyifl (I) - 52# 

peaKpHfi BocciaHOBJieHHH Am (IF) - h#. 
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TaK KaK CKOPOCTH peaKijHfl (l) h (2) owshb BejiHKH, KMHeiHqecKoe 
Hcc/iMOBaHHe 3THX peaKiwfi 3aipy.nHHTe.nBHo. TeM He MeHee noayweHHue 
peayjiBiaTBi Haiox ocHOBaHne noaaraxb,mo oxcyxcxBHe awepniwa (IF) b 
bo^hhx pacTBopax ofaflCHaeicfl nporeKaHweM peaKunfl (I) n (2) Boc 
CTaHoB^eHHe auepaiWA (IF) npn KOMHaxHo0 Teunepaxype HMeex MeHBinee 
BHaneHHe a odyc^ioBjieno B3aHMo,2teflcTBHeM c npo^yKTaim pa,HM0JiH3a. 

JlucnponopiwoHHpoBaHHe aidepHHHfl (F) 

tawecTBeHHoe Hccae.noBaHHe peaKiwn wnponopwroHapoBanM 

™ epm * 00 ”P^iaBMei SHaHHie^BHyK) Tpy^HOCTB, T.K . OHO OCJIOK- 
aeTCH ijejitiM pa^oM napajuieatHo h^ihhx peaKUHfl. OcodeHHo b caynae 
aMepHiwa-241 , r#e cnatHo CKa3tiBaerca BoccxaHOBaeHHe aMepnima (IF), 

LI H ^ X) npaliyKraMI1 Pa^Homsa. B 3tom caynae Hada^aeMoe w3MeHe- 
HHe KOHueHTpaanii pasanwHux hohob aaepaqaa asaae tch pesyabxaxoM 
cae^yDiHHX napaaaejiLHHx peaKUH0: 

k < 

2 Am, (v)^==±r Am(iy)+ Am(vi) 5 

2 k. 


A m (v) + A m (iv) =± Am, ( V( ) + Am, («i) 
kjr * 

2 Am (iv) — Am (i)-F Am, (y) 

k e 

Am(iy)-^-> Am, (H) 


Am (v) 
Am (vi) 


Am (I) 
Am, (y) 


k, nponopawoHaatHa 4-0 cieneHH KOHue HTpaiwn hohob Boflopo^a, 
CaenoBaieaBHo, b icncanx pacTBopax paBHOBecne (5) c^BMHy to Bnpaso 
veiq cnocodcTByioT xam peaiajHH (6), (7) a (8), a odpaxHoa peaK-’ 
U«e0 mohho npenedpeHB. PaBHOBecne (6) , kbk y*e yKaansaaocB, ycxa, 
HaBauBaexcH mthobchho h chjibho cjBHHyxo BnpaBo, x.e, odpaTHoa 
peaKpuefl TaKie mosho npeHedpenb. BepoflTHociB peaKium (7) b khcjihx 
pacTBopax ropas^o Mentnie BepoaTHoc th peaKmra (6) a ee mohho He pao 
cMaTpwBaTB, xeM do/iee, axo b conexamiH c pea K qHe0 (5) ohh mm 
oahh a tot ae cyMMa P HH0 pesyaLiax.^, P 5 w P 6 — cko P octh aoccxa- 
HOBaeHna cooiBexcTBeHHo aMepHUHH (IV), (F) a (FI) npo^KiawH pa- 
AMoansa. KaK Ohjio yciaHOBaeHo, noKa KOHueHxpamia auepnima (FI) b 
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paciBope dojitiue KOHueHTpatuiH aMepimwa (V) BocciaHofl^ieHMeM nocjiejU- 
Hero mokho npeHedpem.. B btom caywae: 


'V R 6 _R a = '<c l M 


o6u). 


14. 


W - CKOpOCTB 0(5pa30BaHUfl BOCCTaHaBJBfBaBIIUlX npOAyKTOB pa jtM Q- 
JM3a 9 , j^o( ~ KOHCTaHTa pa^HamiOHHOrO BOCCTaHOBJieHHfl COOTBeTCTByp- 
” dt Ha npHMOJBHeflHOM y^acm rpa$nKa "cpenHee BaneHTtBie 
cocTOBHue - BpeMfl” jAnv] 0 g - cyidMapHaa KOHqempaiuia aMeparmfl 

b pacrBope. 

CKopocTt Bcero nponecca dy.ueT onpenejiaiBCH ckopoctbio peaKimw 
.HHcnponopuwoHHpoBaHHB auepumiB (y). 

Cae^oBaiejibHo, .pa w3MepeHHH icoHijeHTpaiufji Kaamoro H3 BaaeHTHux 
cocToa hh 0 dy^eM raeib: 


“dt “^[Am(v')] + i( 3 [Am (v)J [Atm (jv)]- R 6 

12. 

d[Am(y)] 

lit - k ( [AmCv')] "k 5 [Am(v)][Am(i»)]+t> (j 

45. 

d[Am(i>)] , r l2 _ lr , 

Olt -^[AiuMj -k 5 [Am OOJ [Am (iv)J - Q A 

44. 

— ^ — = 1 < 5 [Am (v)][y\m Oy>] + 

15. 


TaK Kax aMepniyift (IY) b paciBope He noaBJiaerca, o neM mokho 
cy^MTB no coxpaHeHHB nocioaHCTBa cyMMu KOHaempaiinJi hohob aiiepH— 
nwfl Ha npoTAKeHHH 3KcnepnMeHia, mokho cmiTaTB d/[AwQv?3 = q 

„ at 

Cae^oBaieaBHo: 

K,[~Am (v)][Ara(\y)] =K i [Atm (v)J 2 - i&- 

no^ciaBUB 3ro BHpaseHue b ypaBHeraa /I 2 /, A 3 / h A 5 / h 3 aMe- 
hhb R fe no ypaBHeHnio AT/, noayqwM 
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d/[Aw Cvi)J 2 

~it — = 2K < f 4m (v 3 - R a 

4 7. 

dfAinCv)] _ « 

dt 

d8. 

&[Am («)1 _ 

~~ ^ 

d9. 

pacqcia KOHCiaHTU dy^eM HMeTt c^eAyKmiie 

BHpaxceHHH: 

^ cL[Am (yi)] 

. 4 dt 

i 2 [Am(v)] 2 

2°. 

d[Am, (v)] 

y \ ^ d/t 

1 5 [Am,(»] 2 

21 . 

d CAm (ii)'] 

y _ 

d [Anv (y)] 2 

22, 


no 3TCTM $0pMyjiaM dblJIM BLiquCJIGHH KOHC T3HTU CKOPOCTH peaKUHU 

flacnponopoHOHupoflaHHa aM6pimna (y) b xji opHofi, cepHow w a 3 oiHoii 
KucjioTax (21 ). Boji 66 yjoOHUM oica3ajioct pacrBopflit b cooTBGiciByiD- 
uM KHCJioxe aMepnmr?i (FI), TaK KaK b siom cjiyqae moiho npGHedpe- 
raiB BoccTaiioB;ieHneM aiiepumra (F) b xeqeHwe OoJiee MWTejiBHoro Bpe 
weHK. KoHueHxpamm auepmwa (Hi), (y ) H (FI) onpeAemct cneKipo- 
i J>oxoMeipnqecKHM Mexo^oM ea cneicxpo^oxoMeTpe C 3 ?- 4 . TnniiqHue KpHBue 
H 3 MeueHHH KOHneHipamw hohob awepumia co BpGMeHGM npe^cxaBJieHU Ha 
puc , 5,6 h 7. B 3kc nepuMGHiax, r^G b Kpanicoii khcjiotg pacxBODHJicfl 
auepniuifl (V) x ycneBa^ npowcnponopiuroHjapoBaTL paHBine, qGM*cKa- 

SGICfl pa^HOJIilTHHeCKOG BOCCiaHOBJieHHe (pWC.8), XOpOlHO BH^HO OTHO- 
ffleHMe bhxo^ob aMepHUM (FI) n (!B) ; odycjioBjiGHHbix npaKiHqecicw iojib- 
ko peaKuuflMH (5) w (6), Koxopoe paBHo npawepHo 2. 

B X^opHOii KHC;iOie KOHCTaHTa CKOpOCIK pGaKUHH AHCnponopUHOHH- 
poBaHHfl auepamig (V) paccqaiUBajiacb am 4,0; 6,0 u 9,0 M khojioih 
IIO BCGM IpGM ypaBHeHHHM. ycpe^HGHHHe Be^wqHHbl KOHCIdHl npHBejit’ffH 

b xad;nme 6. 
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Hcc^oBa^oci. BiiHiiHue TeMnepaiypu Ha CKopocib ,nncnponopuHOHHpo- 
BaHHfl b 4,0 M pacxBope xjiophoE khcjiotu, co^epxamefl 2,0 M xjiopaia 
HaipHfl. IIoJiyweHHue peay^txaiH npe^cTaB^eHti laKace e Tadjnme 6. 

Tad/nma 6 

KoHciaHTa ckopocth peaKiWH AHcnponopmroHHpoBaHufl 
Mepmmfi (y) b xjiophoJ} KHC/ioie 


KoHueHTpa- 
UHfl KHCJIO- 
TH, UOJlb/jl 

25 °C 

uceo* 


4,0 M HC^+2,0M No/Oeo^ 

4,0 | 

6,0 

9,0 

25° 


75° 

K 

ji.MOJiiT^ac” 1 

4, 0*0,3 

17,0*3,0 

98±2 

4, 0*0, 3 

43,41:0,4 

§ 

V 

O 

CO 


rpa$HK 3 aBHCHM 0 CTn ot ^[h + ] npeacTaBjiaeT codoE npa- 

MyiD JIHHHID (pnc. 9 ), HBKJIOH kutopoE (dfy = 3 , 98 ) CBWiejIBCT- 


ByeT 0 TOM, <IT 0 CKOpOCTB AHCnponopHHOHUpOBaHHfl B XJIOPHOE KHC JIOTG 
nponopquoHajiBHa 4-E cieneHn KOHneHipaHHH bo.hopo.hhhx hohob. IIpH- 
Be,neHHafl kohc Tama ckopocth peaKiuw i *= k 4 /[H + ] Z| ,cocTaB;ifleT 
(1,45 - 0,10) x I0” 2 ji .moe .” 5 wac"^. 3ra BejiiniHHa xopomo coBna- 
^aer c KOHciaHioE, no^weHHoE CiH$eHay, Acnpa h IleHHeMaHOM ( 22 ) 
c yqexoM toto, <jto npn BHBe^eHHH $opuyjiH .hjm pacqeia K d mh npn- 
BKMajiH - d/[Am(v)] / dt no peaKEiHH JwcnponopuiioHHpoBaHHH pa b hum 

2K^[Am(v)] . rpa$HK 3aBHCHMociH P<) k, ot (pnc.IO) ^aeT bo3- 

MOHHOCTi paCC^HTaTB SHepFHK) aETHBaiWH peaKIlHH ^HCnponopmiOHHpOBa- 
hhh, Koiopaa cocTaBaaei 19,3 i # 0,9 KKaji.MOJi 

H3 ypaBHeHMK.^e^'e^e^"^ (23) 6am i paccqHTaHH iaKse 

BeJIHVHHH AH* M A?* XJIH 25°C, KOTOpHe COOTBeTCTBeHHO paBHH 
I8,7±0,9 KKaa.Moa" 1 ; - 20,113,0 Kaa-rpa^Moa " I h 12,7 i 
- 0,9 KKaa.MOJi” 1 . 

JfHcnponopiB'OHHpoBaHHe aMepumw (K) Hccjie,noBajiocB b 2,0; 4,0; 
6,0 H 10,0 M paCTBOpaX CepHOE KHCJIOTH (ll). BeJIHVHHH KOHCiaHT pac- 
cqHTHBajiHCB no boom tpsm ypaBHeHHBM /20, 21 h 22/. B TadJinue 7 
npe^cTaBjieHH yepe,ii;HeHHHe SHaqeHHfl KOHCiaHT , noJiy^eHHHe #jih othx 
paciBopoB. 
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TadMua 7 


KoHCiaHTa CKOpOCTH peaKUWH flHCnponopHHOHHpOBaHHfl 
aMepHUHfl (y) b cepHoK Knc;iore 


KoHqeHrpa - 

IJHfl KMC JIOTH 
UOJlh/Jl 


*1 

I 3,0 i 0,3 



10,0 


204+1 (2 ,46+0,07) xI 0 3 6 , I 3+0,40) xI 0 4 


rpa<J)HMecKnfi packer cieneHn 3aBncnM0CTH ckopoctu peaicmiH .igncnpo 
nopimOH»pOBaHIIfl OT KOHaeHTpamm BO^OPO^HUX HOHOB flaJI BeMWHHy 4,6. 
BejiinWHa Kj , npnBe,neHHafl k [U 4 ] ■ I c ociaBJineT 0,45 + 0,03. 

BoJiee BucoKoe 3HaneHne K° no cpaBHeHHB c xnopHofi khc^oto2 h (5ojiv- 
mafl cieneHB 3aBKCH«ocrH ot EOHneHTpannn khcboth, no-Bu^HMouy , 
odMCHa®rcfl BjiisHHiseu Konn;ieKCoo<5pa30BaHKfl Ha peaKimio ^ncnponopqno- 
HUpOBaHHfl. 

B a30THoB Kncjioie peaicmifl .HHcnponopuHOHHpoBamw nccjie,noBajioc& 
b 6,0M, 9,iM h 14,311 pacTBopax. IIoiiy^eHHHe BejiHMHHH KOHciaHT npn~ 
Be^esu b Tatf/nme 8. 

TacSnima 8 

KoHcraHia ckopocth peaKUHH AHcnponopUHOHwpoBaHM 
aMepnitfifl(y) b aaoTHow KHCJioxe 
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JlaBJieHne HacumeHHoro napa ieipa$iopw,n 1 a 

aMepHUHfl 

Texpa$xopn,n aMepiiuwfl noJiyMajicn $TopnpoBaHneM ipinpiopu.ua um 
AByoKMCH aMepupH/i , noBy^eHHofl npoKajiwBanMeM npw 600°C oKca-naxa 
aMepHUMH. 4?TOpMpOBaHHe npOH3BO^HJIOCb ra3OO0pa3HUM (J)T0p0M B MOHG- 
jieaoM npudope npw 400°C. JlaBJieHne napa xeTpa$Topn,na aMepwuwH H3Me- 
PBJIOCB 3$$y3M0HHUM MeXO^OM KHy^CeHa, BH^0M3MeHeHH0M no cnocody 
$nnnca (24). McnoJiLSOBajiacB HHKeJieBan KaMepa c BHy xpeHHHM odteMOM 
cm 3 ii .paMeipoM OTBepc tm ^wa$parMU 0,0238m. 3o BpeMfi 
H3MepeHM xeMnepaxypa nojwepafflBa^aci, c tomhoctbio « 0,5°. Kohtpo;ib 
3a TeMnepaiypofi ocymeciBjifljicfl c noMomBB n^aTHHo-n^aiMHo-po^neBoii 
xepMonapu. CydJiwMaT xeipa$x opw.ua auepupnfl codHpajicn na MwuieHflx 
H3 Hep&aBeiomeii cxajiH, Koxopue 3axeu aHa;iw3HpoBa;iHCB pa,u.noMeTpine- 
ckh no d -H3Ji y^eHnio aMepnriHfl-241 . 

IIo^yweHHue 3HaMeHna ,naB/ieHHfl napa ieipa$xopM,ii;a aMepHipwfi xopo- 
rno onuctiBaioTCfl ypaBHemieM: 

6jP m = (7,727 i 0,093) 

BeponxHaH omwdKa ajih KOHCTaHT, bxoabuihx b ypaBHenne, cooiBex- 
CTByex cpejmeMy oiKjioHeHHio OKcnepMMeHiajiBHKX xo^eK ot npnMofl,onw- 
CBiBaeMoK 3TITM ypaBHeHHeM. C yMeiow CHCieMaxHMecKHX ouwdoK (omndicu 
b reoMexpra npwdopa, n3MepeHnn xeMnepaxypa h x.a.) odman owHdica 
b 3HayeHHflx .naBjieHHH napa cociaBJiaei 16$. Ten^ioxa cydJiHMamiw 
xexpa^TopiiAa aMepwuMfl b HHiepsajie 385-640°C, paccnuxaHHafl H 3 oxoro 
ypaBHemifl, cocxaBJiflex 49,8 t 0,3 KKa;i/M 0 JiB. Bnuie 640°C .nasjienwe 
napa pe3Ko na^aeT, mo, no-Bii^HMOMy , yKa3MBaer na pa3.noxeHHe xex- 
pa$xopH^a aMepnipifl npn 3ioii xeMnepaType. CpaBHeHne xen^ox cyd;m- 
Mamw xexpaipTopH^oB aKxnHHflHbix ojieMeHioB .naHo b xadjume 9. 


:i0.886 + 0.065) , I0 3 

rp 



* 
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TaOMua 9 

Ten^om h OHxponHM cydJiMMaiuw xexpa$iopii,n;oB 
aKTHHHAHWX 3JieMeHI0B 

Coe^nH6Hne TeMnepaiypHU» $ JInTeparypa 

HHTepBa/I B OC " T v 85o * 



x) PaccMMiaHo no naHHHM ( 25 ). 
xx) npe^BapuTejibHbie pe 3 y/n>xaxu. 

BBH,ny oTcyxciBHfl .naHHux no TenjioeMKociflM TeTpafcxopiMOB He;ib 3 fl 
npoBeciH cpaBHeHue HyjieBux BHiponufi cydJiHMainw. TenJioxn cytiJWuaiufH 
$xopHAOB qeiHpexBajieHiHbix o/ieMemoB n 3 MeHBK)TCfl 3 aK 0 H 0 MepHo c yBe^ 
jinveHHeM aioMnoro Howepa, mo HaxoAHicfl b cooiBexciBwn c aKinHuj- 
hom leopneii Cndopra. 
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^KCTp&KmiH aMepiimifl (ll) If KIOPIIH (ill) ipiftiyTIJJI- 
$OCgiaTOM If 3 a30TH0KHCJIHX paCTBOpOB B npifCyxCT- 
BHH BTOpHX HHipaxOB .HBV XBaJI e H I HHX MeidJIJIOB 

a - aMepifmiii ; 6 - kdphK ; >l - Mq(N0 3 ), 

2 - Mn (N0 j) 2 v 
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nc.7. JlHcnponopuHOHiipoBaHMe aMepwuMH (K) b 9,1 M a30THofi Kwcjiore 
HcxojiHHfl - awepniuiK (yi) 




tonwe 
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Phc.8. JlucnponopuiioHHpoBaHHe aMepmwfl (F) b 9,0 M xjiopHoa 
Wcxojt'Htiif - aMepnun8 (F) 
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